We noted the following major immunochemical changes in the final course of a y heavy-chain disease associated with a myelomonocytic leukemia: an important oligoclonal increase of lgG1/K, during sepsis development, whereas the X molecules decreased and IgG2 and IgG3 completely disappeared in a one-month interval. Initial concentrations of lgG4 were stable during that period, and heavy chains were slightly increased. This is a very unusual observation of the successive immunochemical events terminating a y heavy-chain disease.
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We noted the following major immunochemical changes in the final course of a y heavy-chain disease associated with a myelomonocytic leukemia: an important oligoclonal increase of lgG1/K, during sepsis development, whereas the X molecules decreased and IgG2 and IgG3 completely disappeared in a one-month interval. Initial concentrations of lgG4 were stable during that period, and heavy chains were slightly increased. This is a very unusual observation of the successive immunochemical events terminating a y heavy-chain disease.
The extremely wide variety of syndromes associated with yheavy-chain diseases (y-HCD) has been well reviewed (1-3), but the case described here is a particularly unusual one. Here we present a follow-up ofthe immunochemical study of one of our patients, with emphasis on the evolution ofthe Ig status, including the subclasses of IgG, during the final stage of her disease.
Case Report
In September 1982, a 74-year-old white woman was admitted to the clinical hematology department of a general hospital for polyadenopathy and splenic and hepatic enlargement. Lymph-node biopsy showed a diffuse malignant lymphoma, with small and large cells, and she was started on polychemotherapy (vincristin, cyclophosphamide, and prednisone). Later, she was diagnosed as having concomitant chronic myelomonocytic leukemia and was treated with hydroxyurea. She died in September 1984 with sepsis and disseminated intravascular coagulopathy.
The patient had exhibited an oligoclonal hypergammaglobulinemia, an autoimmune thrombocytopenia, and a positive Coombs' test for IgG. No plasmacytosis was ever detected. The month before she died, her blood cell count was as follows: erythrocytes, 2.55 x 10'21L, leukocytes 6.4 x iO9fL (neutrophils 46%, lymphocytes 40%, and monocytes 14%). Alkaline phosphatase (EC 3.1.3.1) was slightly increased (up to 130 U/L; upper reference value in health, 90 UIL). Calcium concentrations ranged from 1.60 to 2.10 mmol/L, urea from 11.9 to33.8 mmol/L, and creatimnefrom 0.45 to 0.98 mmol/L. Resultsforbicarbonate ranged from 9.4 to 20.9 mmol/L.
MaterIals and Methods
All 24-h urines were collected with NaN3 preservative. They were concentrated under nitrogen pressure, by use of a Sartorious ultrafiltration system, with 10000 kDa cutoff membranes. Samples were concentrated 30-fold for immunoelectrophoresis (JEP), 70-fold for electrophoresis and immunofixation (IF). (4) . For immunofixation we used the Sebia System, as previously described (5).
The anti-human-proteins antiserum was an adequate mixture of three commercial equine antisera, detailed below. Purity of monospecific antisera had been tested before routine use. The suppliers of antisera were: Hyland Diagnostics, Garden Grove, CA 92641 (anti-human proteins); Diagnostics Pasteur, 92430 Marnes la Coquette,France On (b), (c), and (d) , the aspect of the slower y fraction is oligoclonal.
The more rapid fraction (11.1 g/L on Figure la) also seems to increase, but to a lesser degree: it is observed by its shouldering on the slower fraction in (b), (c), and (d).
Immunoelectrophoresis and immunofixation (Figures 2  and 3) clearly evidence the presence of y heavy chains (y-HC) in both sera and urines. Immunoelectrophoresis of sera (Figure 2a and b) show an important arc spurring over the normal line for IgG on the anti-normal human antiserum plate, an abnormal curve in the same migrating zone with the anti-y monospecific antiserum, anomalies that are not found with either the anti-Fab y, the anti-Fdy, or the anti-K and -x bound and free light chains. There were no free light
Fig.3. Immunofixation of serum and urine proteins obtained on day 1
Abbreviations as in Fig. 2 (Id., idem-the same) 
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Immunofixation of serum (Figure 3) confirms that the rapid electrophoretic fraction consists of IgG devoid of light chains, while the slower fraction contains complete IgG. Figures 2c and 3 show that IgG devoid of light chains were also present in urine, and represented 45% of the proteinuria. The patient's urine also contained polyclonal K and A free light chains, as shown by Figure 2c , but no monoclonal free light chains. The A-type seemed more abundant than the K-type polyclonal free light chains, which is an abnormal pattern. The slowest fraction, cathodal to the application point on band T (Figure 3) , is lysozyme, a current finding in myelomonocytic leukemia.
We present only one set of results for urine, there being no significant changes in the various analyses of urine performed during that month for this patient. Total proteinuria varied without pattern from 0.65 to 1.20 g/24 h, with no apparent modifications in its composition.
Comparison of immunoelectrophoretic patterns for sera sampled at the beginning and at the end of the month (Figure 2a and b) confirms the increasing oligoclonal fraction observed on electrophoresis, showing that it was essentially formed of K-type IgG, with an important decrease of the A-type. IgA and 1gM slightly decreased during the month, having been at normal concentrations at first (Figure 2a) .
The IgG subclassing ofthis case let us conclude that these y-HC were of the y subclass (Figure 4) : this subclass was the only one increased in serum (Figure 4a ) and only the y arc was detected in the urines (Figure 4c ).
Comparing
Figures 4a and b reveals the onset of a complete deficiency in IgG2 and IgG3 (disappearance of both arcs in panel b) in the course of the month. This finding was confirmed by the observation of the progressive decrease of these arcs on samples taken during the month (results not shown). The concentration of IgG4 was apparently unchanged, but IgG1 significantly increased during the month (panels a and b) . The IgG arc obtained most resembled that obtained with the anti-K antiserum in Figure 2b .
Discussion
In our opinion, we cannot interpret the aspects of this apparently complete IgG1/K as being monoclonal: the y, y, and K arcs are regularly thickened along their whole length; electrophoresis and immunofixation show a still broad fraction, with only a slight restriction of heterogeneity. We think these oligoclonal images are produced by the absence of the more anodal IgG2 and IgG3. But the important increase of the K t3t)e alone of these IgG, with a concomitant decrease of the A type is one of the most interesting questions raised by this case.
At that time, the patient was facing an ultimate episode of infections, with oral herpes predominating. No 1gM increase was detected, but rather a slight decrease, and IgG/A seem to be unable to increase.
It looks as if A clones were missing the capacity of producing complete
IgG, while K clones underwent an increased polyclonal synthesis. The absence of free monoclonal A chains in the serum and in the urine makes us think that they were not synthesized. The y1-HC observed in this case would then be the only fragment of IgG excreted by these deficient A clones. To us, these observations seem better explained by the hypothesis of the genetic origin of the y heavy-chain disease (6) than by the metabolic hypothesis (7) . The well-established renal insufficiency of our patient would have precluded the usual catabolism of the free light chains so produced, making them disappear completely.
A number of cases with complete monoclonal Ig associated with a y-HC disease have been reported (1,2,6 ), but an oligloclonal increase of IgG is a very rare finding among published cases.
To our knowledge, only one previous case of a y.HC disease associated with a myeloproliferative disorder has been published (3, 8) .
In the absence of a plasmacytosis, one can wonder whether this dysfunction in the synthesis of IgG would not be correlated with the unusual myelomonocytic proliferation that is associated to it. This hypothesis had already been suggested by authors finding a monoclonal complete Ig in a chronic myelomonocytic leukemia without plasmacytosis (9) .
Other unusual features are to be noted: renal insufficiency has been mentioned in only three previous cases and herpes infection in two cases (1).
The onset of the IgG2 and IgG3 deficiency occurring at the same time as a herpes-dominated infection in such a situation also seemed to us an exceptional event to observe. This suggests that the disappearance of these two subclasses would be a consequence of sepsis, rather than a cause. Our Antisera are labeled on the cathodeside: 0,. anti-lgG,; 02, anti-lgG2; 03. antIlgG3;and 04, anti-lgG4 observation of this phenomenon seems to be the first one reported so far (10, 11). It can be suggested that this double acquired deficiency might involve an inadequate class switching process of unknown mechanism (12) . Would this pathological mechanism have the same cause as the one yielding the y1-HC or are there two distinct processes?
This case illustrates a new aspect of the great variability of y heavy-chain diseases, and brings to attention some original elements of the evolution that can be found in those puzzling syndromes.
